Technology has created a new dimension for visual teaching and learning with web-delivered interactive media. The Virtual Labs Project has embraced this technology with instructional design and evaluation methodologies behind the simPHYSIO suite of simulationbased, online interactive teaching modules in physiology for the Stanford students. In addition, simPHYSIO provides the convenience of anytime web-access and a modular structure that allows for personalization and customization of the learning material. This innovative tool provides a solid delivery and pedagogical backbone that can be applied to developing an interactive simulation-based training tool for the use and management of the Picture Archiving and Communication System (PACS) image information system. The disparity in the knowledge between health and IT professionals can be bridged by providing convenient modular teaching tools to fill the gaps in knowledge. An innovative teaching method in the whole PACS is deemed necessary for its successful implementation and operation since it has become widely distributed with many interfaces, components, and customizations. This paper will discuss the techniques for developing an interactive-based teaching tool, a case study of its implementation, and a perspective for applying this approach to an online PACS training tool. q web design; Picture archiving and communication system training simulator 0895-6111/03/$ -see front matter q 2002 Elsevier Science Ltd. All rights reserved. PII: S 0 8 9 5 -6 1 1 1 ( 0 2 ) 0 0 0 8 9 -7
Introduction and background
In an era with rapid technological advancements, new methods of instruction need to be developed to augment the traditional teaching paradigms. Biomedical Sciences has been mainly taught with conventional educational toolstextbooks, lectures, and wet-laboratories. With new web technologies, rich online learning media can supply current biomedical information to the students, provide engaging instruction with electronic media, and promote their technology proficiencies, all contributing to their professional development.
Online teaching material is slowly being developed, but most sites are merely digital textbooks. There is a strong need for new tools in physiology because of the difficulties in learning and visualizing these concepts. Most conventional teaching materials are linear and static which makes physiology more difficult to teach since the content is dynamic, with time and causal relationships. Thus, regardless of the instructor or pedagogical approach, students have struggled to create correct mental models of the concepts. The dynamic nature of the topic should be taught with a comparable teaching strategy.
In this paper, the pedagogical design and methodologies behind simPHYSIO will be described and then an evaluation of the system will be shown with a case study. simPHYSIO is a product of the Virtual Labs project. It is a suite of customizable and interactive online teaching media designed to integrate and dynamically teach complex systems using media-rich animations, real-time simulations, and virtual environments. It is a system that has been developed, implemented, and then evaluated for its effectiveness of learning outcomes. These educational strategies will then be discussed in a perspective for developing a Picture Archiving and Communication System (PACS) education system. Because of the complexity of the PACS system and segregation of expertise, it requires a proper education system to integrate the diverse team for a seamless workflow.
The heart of simPHYSIO is an immersive online learning environment designed to teach physiology (neuro, cardiovascular, respiratory, gastrointestinal, and renal physiology) using a high level of integrated visual teaching. The goal of simPHYSIO is to augment the curriculum for the Stanford University Undergraduates taking Biological Sciences and human biology courses. The principles behind the pedagogy include learner-centric design [1, 2] , that integrates selfexploration, active and meaningful learning strategies [3] , motivational media [4 -7] , and visual teaching. The content is designed for a learner to visualize principles, make predictions, learn problem-solving skills with a 'hands-on' approach, apply and test scientific methodologies, and see immediate outcomes from their manipulations. This approach can effectively increase comprehension of the material [3] .
The main evaluation questions [5, 6, 8] during our integration of simPHYSIO into the teaching curriculum include:
1. In what way can web-based media be used to enrich and enhance learning for individual students? 2. In what way does the web-based media alter the studentteacher interaction? 3. How can the faculty be made to embrace new solutions for content management and the new teacher -student interaction that may develop?
This project was developed at Stanford University Medical Media and Information Technologies (SUMMIT) and sponsored by the Howard Hughes Medical Institute [9].
Materials and methods
Our goal was to develop interactive media-rich teaching modules in physiology for the undergraduate level and medical school physiology courses. Student focus groups and interviews with faculty directed us to the conceptually difficult content areas. Physiologically difficult concepts were sorted into their respective teaching module category: neuro, cardiovascular, respiratory, GI, renal.
Design development
Content appropriate for the target audience was developed and the pedagogical construct was designed in a storyboarded-format based on our design protocol. Design strategies and protocols established in the current model can be reused to facilitate further content development. Below is the general iterative design strategy for approaching (educational media) development [2, 7, 10] (Fig. 1 ).
Investigate and understand
Know your user! In order to design for the user, know who they are, what their needs are, and provide motivational factors-all based on the user's background.
Define the problem
Establishing the goals for instruction provides a framework for designing the curriculum and learning activities: content, organization, captivating the user. A designer must also be a teacher. When presenting the information, the designer must not only employ their knowledge of learning theory, information design, and human communication, but also have a solid understanding and interpretation of the content.
Concept generalization and visualization
Remember that , 80% of web-users are primarily interested in content and 15% are influenced by design and graphics. Storyboarding is a primary development step that scripts the events on a page. Design concepts can be tested in an initial prototype for flaws before investing costly resources. Interactions are proposed to maximize learner response, reinforce knowledge acquisition by invoking other modalities, and afford rich context for learning by making concepts applicable to the user's everyday life. The key emphasis is user-centric designdesign for the user and not the designer or instructor, enrich the content beyond a digital textbook and make the content meaningful and relevant to engage the user, and let them control outcomes with simulations and games.
Evaluate and refine
Usability testing. User feedback gives the most valuable information as to user preferences, credibility of the information, and effectiveness of the product, and redesign strategies. This ensures that your goals meet the needs of your target audience.
Implement
Plan for how to introduce and implement your product to your target audience.
Technical development
During the initial phases of the project, different evaluation techniques for the set-up, development, and delivery of Virtual Labs were evaluated. The goal was to establish a database-style architecture for archiving usage data, to author in Director and LINGO for interface interactivity, and Web and CDROM delivery for easy dispersion. The following applications, platforms, and environments were chosen: † Macromedia Director and Flash-authoring environment. † Adobe Illustrator and Photoshop-illustrations and diagrams. † HTML, PERL, and LINGO-primary programming languages and web database development. † WebCT running on an Apache Web Server-hosting backbone and course management program.
Currently, our primary mode of delivery is with webbased executables in Shockwave, the backend database of user data is established with PERL.
The team
Our development team includes a project director and manager, educational media developers, instructional designers, human computer interaction engineers, usability engineers, content developers, Stanford faculty, and programmers.
Results
SimPHYSIO, also referred to as Virtual Labs, is an interactive educational website with modules in renal, cardiovascular, respiratory, gastrointestinal, and neuro systems that cover difficult concepts for physiologyrelated courses at Stanford University. The underlying pedagogy uses learner-centered design and motivational strategies to deliver an active learning atmosphere that is enjoyable and memorable for the students. An additional database website of student usage data was established for evaluation purposes. Last year, simPHYSIO introduced required online problem sets for each topic and a chat room used for online office hours, student forum, or discussion area ( Fig. 2 ). 
Features of the simPHYSIO modules † Media-rich graphics and animations
† Interactive simulations and quizzes † Virtual experimental laboratories and methodologies † Online database-driven problem sets † Personalized notepad with embedded hyperlinks † Chat room for online discussions † Scalable material for curriculum customization † Web or CD ROM delivery † Full-featured backend database of usage and user tracking data for evaluation
Examples
Three examples are shown (Figs. 3 -5) . The examples shown represent the applicability for an integrated PACS training tool. Fig. 3 incorporates multiple-linked representations showing the different mechanical, electrical, and pressure/volume events of the cardiac cycle. Fig. 4 is a simulator of the cranial nerve exam, designed to teach a person how to see clinical representations of a normal patient versus a patient with lesions. Fig. 5 is an example of a tutorial-type page showing the flow of light information in the visual pathway.
Classroom implementations
Spring 2000. Demoed renal physiology as part of the classroom lecture, and released the site online to the students as a course supplement. Two classes: Human biology core and biological sciences core.
Spring 2001. Demoed renal and vision physiology, with some topics in cardiovascular, respiratory system and released the site online to the students as a course Fig. 3 . The cardiac cycle in the cardiovascular module. This is an example of multiple-linked representations. The user can navigate through the animated sequence of events and see how the mechanical events in the heart correspond to electrical activity and changes in pressure and volume. Fig. 4 . Cranial nerve exam simulator in the neuro module. After the tutorial on learning the cranial nerves in the brain, the user can go to the virtual patient simulator to apply the knowledge to a clinical setting. In this example, the student learns how to perform the diagnostic tests to a normal patient or a lesioned patient. Other. Other small content pieces in cardiovascular physiology were built specifically for the medical school level students.
simPHYSIO has been used since 1999 as an online physiology resource available to the students taking the course, as classroom demonstrations, as classroom lectures, as learning environments with required quiz databases. It is designed to be flexible and scalable to the course it is directed towards with customized menus and course announcements.
Evaluation
Evaluation of the program has been conducted using surveys [8, 10] , focus groups, interviews, and a back office designed for user-tracking. The biology and human biology core courses, and medical-school level physiology courses have been using the simPHYSIO website for the past 3 years. The students' feedback shows that its acceptance and usage has been increasingly more successful with the addition of relevant course content and ongoing integration with related course material. As a result, students have found it to be an enormous asset to the class. The usage and reception of simPHYSIO in the most recent years has far exceeded our expectations.
Evaluation questions

Learning environment
How can interactive learning tools be used to enrich and enhance student learning? How do we create motivational and meaningful learning pieces for the student? What aspects of learning are suited for interactive learning tools?
Online collaborations
How do online learning materials change peer-peer/peerinstructor interactions? How can web-based learning resources be used for collaborative learning using synchronous (video-conferencing) and asynchronous (chat systems, interactive tools) communication?
Curriculum integration
How should web-based interactive tools be used in the curriculum? What is the best implementation method?
Case study: human physiology biosci 112
In Winter quarter 2001, simPHYSIO (known as Virtual Labs to the students) was most successfully integrated into human physiology (Biosci 112), which is an upper division undergraduate course in clinical physiology. There were approximately 185 students enrolled in the course and the majority of the students found Virtual Labs to be a valuable teaching tool. Results in Table 1 .
After surveying the students, the modular and dynamic teaching approach of simPHYSIO (interactivity, userdriven manipulations, animations) was one of the most significant features in helping the student learn the material and enjoy the learning process. The integration of simPHYSIO (a.k.a. Virtual Labs) into the curriculum proved successful, but can be improved by better integration with the course, lectures, other course material, and by structuring content to follow lecture content. The integration would involve working very closely with the course director, teaching faculty, and teaching assistants to customize the content and provide curricular support.
Student feedback
Student feedback is essential to guiding future directions of the project. Below is student feedback for five categories: the value of the content, implementation into the classroom, usefulness in learning, technical difficulties, and future suggestions.
Content/available tools-how did the students find the quality of the content and simPHYSIO/Virtual Labs features (animations, interactivity, quizzes, chat room, etc.)?
"The five sections were well organized and contained very useful material." "I think the online info is really exciting and is a valuable additional resource." "I like the interactive approach of virtual labs. It made the concepts easier to understand." "(I like) those features that allow the user to change specifications and see what happens." "excellent diagrams -helped me visualize organs and systems" "(good) demonstrations of processes in motion" "was very very useful, quizzes were good-especially good that the polling questions from lecture were online" "More TA online office hours" Usefulness in learning-how did the students feel Virtual Labs was useful in helping them learn? "This is very impressive and useful in that it makes studying interesting and fun." "I like the interactive approach of virtual labs. It made the concepts easier to understand. The virtual labs were useful on the midterm and final. It has a very nice setup and very appealing to the eyes." "Great program! I really enjoyed the graphics and I felt that it made learning the material much more enjoyable." "I really like the virtual labs. I think they are definitely more interesting than the textbook and visually, it helps to see a system in action." "I really think that virtual labs was an excellent source for students. It helped a lot to be able to look at things at my leisure and to be able to go back and review at any time." "Virtual labs was overall a really great resource. It was a great interactive way to reinforce what I already had learned from the book and lectures and I think it really helped me better understand. Also I feel like the step-bystep visuals and run-throughs of various systems were very useful." "visual simulation clarified many topics" Implementation into the classroom-how would the students like Virtual Labs to be implemented into the classroom?
"should be integrated more with lecture, could it be combined with automatic email service-update performance on quizzes, etc.?" "It is a good resource, I wish I had thought to use it more or that it was integrated into class more, instead of having us just do the quizzes."
Difficulties with Virtual Labs-what kind of problems did the students experience with Virtual Labs? "I would like it to cover all the topics in lecture. If it did, I would use it more often. Maybe if lecture used the virtual labs more, it would make the concepts easier to understand during lecture." "more quizzes along the ways and not just at the end" "crashes, bugs, slow downloads" vs. "no bugs" "this is a nice website but I'm not sure how important it is, it seems like window dressing; I'd rather read a book." Improvements for Virtual Labs?
"The online chat/office hours should also be used again but at a higher frequency.", "…a forum for students to communicate, i.e. ask questions or form study groups" "MORE QUIZZES", "more practice questions", "more quick questions throughout to make sure we were understanding the material". "The questions are a terrific way to prepare for exams and should definitely be used in the future. "more virtual patient stuff", "more advanced/clinical material, links to other websites with more material", "…more focus on issues of clinical relevance" "more summaries at the end of each unit" "more interactive diagnostic tools", "more animations, those help greatly, more interactive segments where you can set the conditions and see what happens, more games" "3D models you can rotate, more interactive exercises, a game of some sort for entertainment"
During 2001-2002 academic year, the best method of integrating high-end web-based media into the curriculum for three courses was evaluated. Evaluation data from surveys, focus groups, interviews, and the extensive back office database of user tracking information and student progress showed that the usage and reception of simPHY-SIO has far exceeded our expectations.
Discussion
Integration of educational media into the curriculum becomes increasingly successful with the addition of relevant content and working closely with the course administration. Our interactive and visual teaching approach was one of the most salient features in helping a student learn physiology AND enjoy it in the process. "Move over, textbooks. Homework's not just reading in the Core anymore. Today's human biology students make hearts beat, experiment with surface tension, and stimulate neurons in visual signaling pathways. All of this and more is possible with the advent of the Virtual Labs, an ambitious project designed to bring custom-designed 'virtual' physiology experiments and experiences to students of the human biology core." (Newsletter 2000-2001) [11] .
There is a need for electronic learning tools to enhance existing teaching pedagogy and offer alternative learning situations. This kind of media becomes essential today-to widely distribute modular teaching content a convenient, effective, and engaging learning tool. The success of simPHYSIO in other curricula can have a major impact on biomedical science education programs. simPHYSIO can also have a much broader use-continuing education (industry, nursing, pharmaceutics, physical therapy, etc.); delivery to underprivileged institutions; 'refresher' resource for review; keeping up-to-date with current content. The pedagogical and design strategy of simPHYSIO is not limited to the biomedical sciences, it can be applied to teaching any topic.
Perspective of using simPHYSIO technology for PACS training
Current training of the whole PACS involves taking a course or having an on-site trainer-both types of training require a devotion of time and coordination with many departments [12] . The methodologies behind simPHYSIO can be applied to the development of an online training course for the integrated PACS. Successful implementation of PACS requires a multidisciplinary team:
1. PACS manager-needs to understand the whole PACS system including hardware, software and dataflow. 2. IT personnel-need to know the components of the system, system integration, addressing failures of the system 3. Hospital administrators-need to understand the overall concept of how data flows through the hospital to maintain efficiency of the workflow 4. Technologists-need to know the workflow inside the PACS and how patient data moves from one point to another 5. Radiologists-need to learn how to use the workstation to acquire image 6. Nurses and physicians-need to know how to access the images and find solutions to problems from IT or the administrators A centralized interactive online training system for the integrated PACS based on the simPHYSIO technology would offer the convenience, ease of distribution and access, customization/modularity, and efficient pedagogical training that would benefit its implementation and operation. A training system like simPHYSIO offers the convenience of learning the material when time permits each of the team members. Housing a tutorial online would provide anytime anywhere access to the training material using a computer with an Internet browser. Since these tutorials are modular, they can be scaled and customized for each level of the team in terms of appropriateness and level of depth. An interactive training tutorial is also beneficial in terms of delivering high quality content in a dynamic way, e.g. simulations. This strategy will engage the user to problem solve and understand the whole PACS. The resulting benefit is the coordination of the knowledge-base for the different hierarchies of background for improved workflow.
Summary
The PACS requires a diversity in personnel to interface with the intricate and complex system. To successfully implement PACS, a comprehensive education program would enable personnel to interleave all of its components seamlessly. SimPHYSIO's pedagogical design and methodologies can be applied to build an educational environment for all levels of personnel involved in integrated PACS. simPHYSIO is a suite of interactive online teaching media designed to integrate and dynamically teach complex systems using media-rich animations, real-time simulations, and virtual environments in physiology. The strength of simPHYSIO also includes internet distribution, scalability, and content customization.
Appendix A
Demo of content pages: http://portabello.stanford.edu/ virtuallabs; http://www.simphysio.com Project information: http://summit.stanford.edu/hhmi
